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ABSTRACT
Background: Motor skill (MS) competence is an important contributing
factor for healthy development.
Purpose: The goal was to test the effectiveness of primary school physical
education (PE) on MS and physical fitness (PF) development.
Methods: Three classes (n = 60, aged 9.0 ± 0.9) were randomly assigned to
three diverse conditions during a school year: two PE lessons/week (PE-2),
three PE lessons/week (PE-3), and no PE lessons control group (CG). BMI,
skinfolds, PF (9-min run/walk, sit-up, modified pull-ups), gymnastics,
soccer, handball, basketball and track-and-field skills were evaluated.
Effect sizes (d ) were reported as magnitude of change.
Results: Skinfolds significantly increased only in CG (d = 1.21).
PF composite z-scores improved in PE-3 (d = 0.61), but decreased in PE-2
(d = 0.57), and had no changes in CG. Statistically significant
improvement was verified in gymnastics and handball skills in both
experimental groups (gymnastic: d = 2.95 and d = 2.61 for PE-3 and PE-2,
respectively; handball: d = 1.87 and d = 0.57 for PE-3 and PE-2,
respectively), and no changes were seen in CG. In soccer, there were
improvements only in the PE-3 (d = 0.55), and in basketball only in PE-2
(d = 0.46). There were no changes in any group for track-and-field skills.
Conclusions: PE programs can effectively promote PF and MS
development.
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The prevalence of childhood obesity and associated comorbidities are a global problem (WHO
2016). Research indicates that the development of motor competence may be an important contri-
buting factor for the development of positive or negative weight trajectories and physical fitness (PF)
across childhood (D’Hondt et al. 2011; Lopes et al. 2012b; Rodrigues, Stodden, and Lopes 2016). Sev-
eral recent cross-sectional (D’Hondt et al. 2011) and longitudinal (Lopes et al. 2012b) studies
demonstrate an inverse relationship between measures of motor competence and body weight status
in both sexes across various ages (i.e. 5–12 years). The strength of this relationship also increases over
time (D’Hondt et al. 2011; Lopes et al. 2012).
According to systematic reviews, children of all ages who are less motor competent are less
active (Logan et al. 2015; Barnett et al. 2016), which may also augment unhealthy weight gain. Fur-
thermore, longitudinal evidence suggests that being skilled as a child is associated with being more
active (Barnett et al. 2009; Lopes et al. 2011) and fit (Barnett et al. 2008) into late childhood and
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adolescence. Thus, developing an adequate foundation of motor competence may provide a pro-
tective effect against decreasing physical activity and unhealthy weight gain that generally occur
across childhood (Robinson et al. 2015). This evidence aligns with a proposed developmental
and recursive conceptual model (Stodden et al. 2008) that suggests negative obesity trajectories
may be triggered by the cumulative effects of lower motor competence that may reduce movement
opportunities (i.e. physical activity) (Logan et al. 2017), PF (Cattuzzo et al. 2016), and perceived
motor competence during childhood (Robinson 2011). Overall, low motor competence is hypoth-
esized to result in decreased participation in a variety of activities and/or sports in middle to late
childhood, thus leading to a negative spiral of disengagement from an active lifestyle (Robinson
et al. 2015).
Unfortunately, the development of motor competence, as well as physical activity and fitness
levels, is decreasing in school age children (Trost et al. 2002; Tester, Ackland, and Houghton
2014). Children should develop a strong foundation of fundamental motor skills (MSs) in early
childhood (Gallahue, Ozmun, and Goodway 2011), which can be transitioned to more specialized
MSs. For this to happen, regular involvement in context-specific and developmentally appropriate
movement experiences is critical.
The United Nations Educational, Scientific and Cultural Organization (UNESCO) recently
called upon countries to act on the quality of physical education (PE) as an essential key point
to learn life skills and to develop positive patterns of behavior (UNESCO 2016). Nevertheless,
there is a lack of research addressing the effectiveness of PE in primary schools for the acquisition
of fundamental and specific MSs. Most studies involving PE have focused on PF effects, like car-
diorespiratory fitness, strength, body fat, and/or physical activity promotion (Shephard and Laval-
lée 1993a, 1994; Lucertini et al. 2013; Reed et al. 2013). In addition, the dose-response question is
not always adequately addressed in MS development research. To our knowledge, no studies to
date have compared the effects of different weekly PE lesson frequency on motor competence
or PF. Most previous studies have implemented a PE program and compared the results with a
non-PE program control group (CG) or with a regular PE (most of the times with classes once
a week) taught by a non-specialist (Shephard and Lavallée 1993b, 1994; Lucertini et al. 2013).
Therefore, the effect of weekly frequency of PE classes on motor competence and other health-
related variables continues to be debated. Although there is no clear policy by the Portuguese min-
istry of education on the weekly frequency of PE, the majority of schools offer two lessons per
week (CNAPEF 2013). PE professionals claim the need for at least three classes per week (CNA-
PEF 2013).
A systematic review about the effectiveness of PE and school sport interventions targeting phys-
ical activity, motor competence and enjoyment of physical activity, revealed a lack of high quality
evaluations and statistical power to draw conclusions concerning the efficacy of the interventions
conducted (Dudley et al. 2011). A recent meta-analysis study (Morgan et al. 2013) targeting funda-
mental movement skill interventions in youth, found a signiﬁcant intervention effect with a relatively
large effect size (standardized mean difference = 1.42) for overall gross motor competence. Logan
and Robinson (Logan et al. 2012), in a meta-analysis about the effectiveness of MS interventions
in children, actually demonstrated a non-significant relationship between effect size and duration
of the intervention (in minutes). Unfortunately, studies documented in the Logan et al. study
were not comparable from a dose-response perspective as results were based on across study and
not within study comparisons.
We believe that adequately powered and effective intervention studies targeting specific move-
ment skills in primary schools are necessary to improve motor competence and to examine its
effect on health variables. The development of motor competence during childhood is crucial
for a healthy life, since it will allow individuals to successfully participate in a variety of leisure
or sport-related (individual or team) activities across the lifespan (Barnett et al. 2009; Breuer and
Wicker 2009).
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The aim of this research was to test the effect of two or three PE lessons per week, compared to a
control condition with no PE, on MS development and PF in primary school children throughout
one school year.
Methods
Design of the study
This is a study with a pre- and post-test quasi-experimental design implemented during a school year
(10 months). The assessment of PF and body dimensions was conducted at the beginning and at the
end of the school year. MSs were evaluated at the beginning and at the end of their respective instruc-
tional unit.
Three classes from third and fourth grades, attending the same primary school were randomly
assigned to three different conditions: two PE lessons per week (PE-2); three PE lessons per week
(PE-3) and the third class did not have any PE lesson, thus constituting the CG. The same specialist
teacher in PE taught all classes. This PE teacher had a degree in sport science, professional in-service
training in PE and five years of PE teaching experience. Fifty-eight lessons were taught during the
school year to children within group PE-2, and 88 lessons to children within group PE-3. All classes
had a 30-min free playtime, every day, during school time apart from PE lessons.
The main goal of the PE intervention program was to learn and develop initial MSs related to
specific sports, and to develop PF. The PE program was designed to include specific MSs, namely
skills from gymnastics, soccer, Olympic handball, basketball and track and field. The program
was split in five instructional units, according to specific skills. The number of school year’ sessions
were equally divided for each instructional unit. The sessions were divided in three parts; an initial
warm up (5–10 min), a main instructional/practice session (25–30 min) and a final part (4–8 min).
The initial part consisted mainly in warming up with both continuous and interval running exercises,
and also callisthenic exercises like sit-ups, push-ups and body weight squats. The main session was
specifically organized for learning MSs within the specific instructional unit. The final part of the
session consisted mainly of strength and flexibility exercises. The total duration of each session
was 45–50 min. Table 1 shows both handball and gymnastics unit plans as an example.
The intervention followed the school year calendar of Portugal’s educational system, starting in
September and ending in June of the next year. There are three holiday breaks: (a) for Christmas/new
year (about 2 weeks), (b) Carnival (about a week) and (c) Easter (about 2 weeks). In Portugal, PE is
part of the national curriculum in primary education: however, not all schools or classes offer PE in
the actual curriculum due to constraints relating to a lack of facilities, equipment or human
resources. Specific to this project, the interventions took part in a school that did not offer PE classes.
The teacher was hired just for this project.
Participants
Sixty children of both sexes from three classes of third and fourth graders (9.0 ± 0.9 years) partici-
pated in the study. Each class had 20 children with approximately equal numbers of boys and girls.
Most of the children (68.4%) were normal weight according to the International Obesity Task-
force cut-off values for body mass index (BMI), 8.3% were underweight, 20% were overweight
and 3.3% were obese. No differences were found among classes in the percentage of children for
each weight status. All children were requested to self-assess their pubertal development (Berg-
Kelly and Erdes 1997), and all of them were classified in stage 1 of Tanner’s sexual maturity stages
(Marshall and Tanner 1970, 1969).
Children’s attendance and participation in the experimental groups was higher than >85%, with
no significant differences between the two experimental groups, and data from all participants were
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included for analysis. These children did not participate in any extracurricular organized sports
activities.
Permission was granted by the local school authorities and from the school director. All parents
or guardians gave informed consent and all children assented to participate. This study was approved
by the ethics committee of the institution of the first author.
Somatic measures
Height was recorded to the nearest 0.1 cm using a portable stadiometer (Seca 213, Seca Medical
Measuring Systems and Scales, Hamburg, Germany). Mass was measured in light clothing without
shoes using a portable digital scale (Seca 899, Seca Medical Measuring Systems and Scales, Hamburg,
Germany) to the nearest 0.1 kg. BMI was calculated using the standard equation: mass (kg)/height
squared (m2), and BMI z-scores were calculated using WHO Reference 2007 (de Onis et al. 2007).
Skinfold thickness was measured using a GPM Holtain type caliper (GPM, Suisse) at two standard
sites: triceps and medial calf. Measurement were taken on the right side of the body to the nearest
0.1 mm, and measured in triplicate, with the median score recorded. The technical error of
measurement was 0.81 mm (5.47%) and 0.47 mm (3.01%) for triceps and medial calf respectively.
Table 1. Handball and gymnastic instructional unit plans.
Handball instructional unity Gymnastic instructional unity
Goals Initiate children in the practice of basic handball skills:
. Ball handling
. Catching, throwing, dribbling, shooting, passing and
feinting
. Playing together
. Making decisions 2 against 1
. Tactically clever positioning
. Taking up 1 against 1 situations
. Defending an area
. Cooperating in defense
Initiate students in the practice of elementary gymnastic skills:
. Forward roll
. Backward roll
. Headstand
. Cartwheel
. Leapfrog
Contents Execute multiple ball control movements
Throw the ball with one hand over the shoulder against
the wall and against a moving target
In a situation of collective competition (3 × 3), throw the
ball with one hand over the shoulder against a moving
target
Dribbling the ball
Standing in front of a colleague, pass and receive the ball
Displace and pass and receive the ball from a colleague
Dribbling the ball with opposition – 1 × 1 situation
Shooting in support against the net
Shooting in suspension
Game situation 2 × 2 open passing lanes
In a running situation pass and receive the ball from a
colleague
Dribbling the ball and run in a zig-zag
Shooting to the goal
Jump and shooting in suspension to the goal
In 3 × 3 game situation, open passing lanes, and shoot at
goal when you have free space
In the 3 × 3 game situation, when on defense, adopt the
basic position defending individually
In the 5 × 5 game situation, open passing lanes and shoot
at goal when you have free space
In the 5 × 5 game situation, when on defense, adopt the
basic position defending individually
Exercises for learning and improving the skills indicated
Exercises include situations that facilitate the movements,
like inclined planes, and also situations with manual help
by the teacher
The class organization is mostly in group activity booth
alternated and parallel group activity
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The same trained and experienced investigator performed all anthropometric measures for each
participant.
PF tests
Cardiorespiratory fitness was assessed with a 9-min run/walk and meters covered were recorded.
Abdominal strength was evaluated using the number of sit-ups in 60 s. Upper body strength was
assessed using the number of modified pull-ups.
Motor skills
Gymnastics skills
The following skills were evaluated according to the number of errors identified in a list of 10 errors
per skill: forward roll, backward roll, headstand and leapfrog in a vault horse of 60 cm height. The
instrument was specially developed for this research. Five gymnastics coaches were asked to identify
the most common errors in the execution of each skill. A final consensus list of 10 errors per skill was
built, based on the most frequent errors mentioned by all coaches.
Test re-test reliability, determined with intraclass correlation coefficient (ICC), for the present
study was ICC = 0.99 for all items.
Soccer skills
The following skills were assessed according to the test battery recommended by the Portuguese
Football Federation: passing and receiving, juggling the ball, dribbling and kicking to the goal. A
size 4 (circumference of 63.4–66 cm) soccer ball was used for all tests.
Passing and receiving – for 20 s the child continuously kicked the ball to a target on a wall (and
received the rebound) from a distance of 2 m. The highest number of successful attempts (receive the
ball in a controlled manner), in three trials of 20 s were registered.
Figure 1. Diagram for shot test precision in soccer and handball.
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Dribbling – each child had three trials to dribble a 15-m distance rounding four vertical obstacles
as fast as possible. The lowest time was recorded.
Kicking to the goal – from a distance of 6 m, each child had five trials to kick the ball to a goal
target 2 m high and 3 m wide. The goal was divided in six areas: two upper corners, two lower cor-
ners, upper center and lower center (Figure 1), and according to the area where the ball hit the goal,
the child obtained 5, 3, 2 or 1 points, respectively, and zero points if the ball did not reach the goal.
Children were informed about the points system. The sum of the five trials was used for data analysis.
Juggling the ball – In a 9 × 9 m area, each child juggled the ball with any part of the body except
arms and hands. The sum of touches in three trials was recorded. The trial stopped when the ball
touched the ground, the hand or arm touched the ball, or the child got out of the delimited area.
Test re-test reliability for the present study varies between ICC = 0.57 for kicking to the goal and
ICC = 0.96 for juggling the ball.
Olympic handball skills
As there was no standard battery to assess Olympic handball skills, we developed three tests to assess
skills in handball: passing and receiving, dribbling and shooting to the goal.
Passing and receiving – for 20 s the child continuously throws the ball to a target on a wall (and
received it after rebound from the wall) from a distance of 2 m. The highest number of successful
attempts in three trials of 20 s was registered.
Dribbling – each child had three trials to fast dribble a 15-m distance, rounding four vertical
obstacles. The lowest time was recorded.
Shooting to the goal – from a distance of 6 m, the child had five trials to throw the ball to a goal
target with 2 m height and 3 m width. There were two upper corners, two lower corners, upper cen-
ter and lower center (Figure 1), and according to the area that the ball entered in the goal the child
obtained 5, 3, 2, 1 points, respectively, and zero points if the ball did not reach the goal. The points for
the five trials were summed up to obtain the child total score.
For all tests, a 44–49-cm circumference ball was used.
Test re-test reliability for the present study varied between ICC = 0.50 for shooting to the goal and
ICC = 0.87 for the remaining skills.
Basketball skills
Shooting, passing and dribbling were evaluated according to the AAHPERD Basketball Skills Test
(American Alliance for Health Physical Education Recreation and Dance 1984). The ball used
had a circumference of 69–71 cm.
Test re-test reliability for the present study varied between ICC = 0.76 for dribbling and ICC = 0.84
for passing.
Track-and-field skills
The performances in the following track-and-field events were evaluated: 40 m sprint, standing long
jump, high jump using the scissors-jump technique and overarm throwing of a tennis ball for
distance.
Test re-test reliability for the present study varied between ICC= 0.47 for 40 m sprint and ICC = 0.97
for overarm throwing of a tennis ball for distance.
Data analysis
Descriptive statistical analyses were run on all variables. Normality of distribution was tested with
Kolmogorov-Smirnov and when a non-normal distribution was found, the variable was log
transformed.
To examine the global construct of PF, each item was standardized (z-scored) and summed into a
PF composite score. The same was done for each group of MSs.
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One-way ANOVAwas used to test the difference between classes in pre-test. A factorial 2 (time) ×
3 (class) × 2 (sex) repeated measures ANOVA was used to test for the pre-post intervention’s differ-
ences between the class condition (control, PE-2, PE-3). When the interaction effect time × class PE
lessons was significant, paired t-tests were performed to test for significant changes between pre- and
post-test within each class condition. Cohen’s ‘d’ effect size (standardized mean difference) was cal-
culated for each paired t-test and interpreted as small effect if d = 0.2, medium effect if d = 0.5, and
large effect if d = 0.8 (Lakens 2013).
Results
Table 2 shows the descriptive statistic (mean and standard deviation) by each class group in pre- and
post-test for BMI and sum of skinfolds (triceps and medial calf).
There were no significant pre-test differences in somatic measures between classes. Repeated
measures ANOVA indicate a non-significant time × class interaction and also a non-significant
time × sex interaction in BMI z-scores changes. However, for the sum of skinfolds there was a sig-
nificant interaction (time × class) effect (F(2, 57) = 3.30; p = .044). Paired t-tests indicated that a sig-
nificant increase was only present for the CG (t(19) =−5.43, p < .001, d = 1.21), while there were
non-significant changes for the two PE groups.
There were no significant pre-test differences in global PF between classes. Repeated measures
ANOVA indicated a significant time × class interaction (F(2, 57) = 7.93; p = .001), and a non-signifi-
cant time × sex interaction. Paired t-test indicated a significant improvement for PE-3 class (t(19) =
−2.74, p = .014; d = 0.61), a significant decrease for PE-2 class (t(19) = 2.57, p = .019, d = 0.57) and
non-significant change for CG.
Descriptive statistics for MS items by condition classes in pre- and post-test and the paired t-test
results for difference between pre- and post-test are noted in Table 3. There were no significant
pre-test differences between classes for any set of MSs.
For gymnastics skills, the repeated measures ANOVA indicated a significant time × class inter-
action (F(2, 57) = 59; p < .001) and a non-significant time × sex interaction. Paired t-tests indicated sig-
nificant improvements for PE-3 class (t(19) = 11.7, p < .001, d = 2.95), and for PE-2 class (t(19) = 13.2,
p < .001, d = 2.61), but non-significant changes for the CG.
Concerning the soccer skills, repeated measures ANOVA indicated a significant time × class
interaction (F(2, 57) = 4.87; p = .011) and a non-significant time × sex interaction. Paired t-tests
Table 2. Descriptive statistic (mean and standard deviation) by class condition in pre- and post-test for BMI and sum of skinfolds
(triceps and medial calf).
Week lessons class
n Pre-test Post-test
Boys Girls Boys Girls All children Boys Girls All children
Sum of skinfolds (mm)
Control 13 7 21.6 ± 9.9 27.2 ± 11.2 23.5 ± 10.5 24.7 ± 11.1 33.5 ± 12.8 27.4 ± 12.1 *
PE-2 class 13 7 29.3 ± 13.9 28.5 ± 12.5 33.3 ± 21.3 30.4 ± 13.3 28.9 ± 8.8 29.9 ± 11.7
PE-3 class 12 8 23.2 ± 8.4 27.5 ± 8.8 24.9 ± 14.9 25.0 ± 9.2 26.9 ± 9.5 25.8 ± 9.1
Height
Control 133.9 ± 5.4 132.9 ± 4.2 133.6 ± 4.9 137.1 ± 5.7 136.9 ± 4.2 137.0 ± 5.1
PE-2 class 135.1 ± 4.8 136.8 ± 9.2 135.7 ± 6.5 137.9 ± 5.1 140.6 ± 8.9 138.9 ± 6.6
PE-3 class 132.7 ± 6.7 130.4 ± 4.4 131.8 ± 5.8 136.9 ± 7.2 133.7 ± 4.5 135.6 ± 6.4
Weight
Control 29.9 ± 4.9 31.3 ± 10.10 30.4 ± 6.9 31.2 ± 5.6 35.2 ± 9.1 32.6 ± 7.1
PE-2 class 32.6 ± 7.4 31.6 ± 5.4 32.3 ± 6.7 35.1 ± 7.6 34.2 ± 5.5 34.8 ± 6.9
PE-3 class 29.1 ± 4.9 28.3 ± 5.4 28.8 ± 5.0 31.6 ± 5.5 30.1 ± 4.9 30.9 ± 5.2
BMI (kg m−2)
Control 16.6 ± 1.9 17.5 ± 4.7 16.9 ± 3.1 16.6 ± 2.1 18.6 ± 3.8 17.3 ± 2.9
PE-2 class 17.7 ± 3.2 16.9 ± 2.8 17.5 ± 2,0 18.34 ± 3.1 17.3 ± 2.4 17.9 ± 2.8
PE-3 class 16.4 ± 2.0 16.5 ± 2.2 16.9 ± 2.7 16.8 ± 2.0 16.7 ± 1.8 16.8 ± 1.9
Note: Sum of Skinfolds: triceps and calf. BMI: body mass index.
*Significant difference at p≤ .05 between pre- and post-test (paired t-test).
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Table 3. Descriptive statistics for motor skill items by condition classes in pre- and post-test and paired t-test results for differences
between pre- and post-test for all children.
Motor skills Week lessons class
Pre-test Post-test
Boys Girls All children Boys Girls All children
Gymnastic Forward roll (# errors; score range 0–10)
Control 4.0 ± 1.9 4.6 ± 2.4 4.2 ± 2.0 4.2 ± 2.1 6.4 ± 1.9 5.0 ± 2.3
PE-2 class 5.5 ± 1.7 8.1 ± 1.2 6.4 ± 2.0 2.5 ± 1.1 5.1 ± 1.8 3.4 ± 1.8 *
PE-3 class 4.8 ± 2.2 6.87 ± 2.4 5.7 ± 2.4 1.3 ± 1.5 3.6 ± 1.2 2.3 ± 1.8 *
Backwards roll (# errors; score range 0–10)
Control 6.8 ± 1.0 7.1 ± 1,5 6.9 ± 1.2 6.2 ± 1.5 7.3 ± 1.1 6.7 ± 1.4
PE-2 class 7.2 ± 0.4 7.7 ± 0.5 7.35 ± 0.5 3.5 ± 2.1 3.9 ± 0.9 3.6 ± 1.8 *
PE-3 class 6.8 ± 0.8 7.6 ± 0.5 7.2 ± 0.8 2.4 ± 1.2 4.5 ± 1.7 3.3 ± 1.7 *
Headstand (# errors; score range 0–10)
Control 6.2 ± 0.6 6.9 ± 0.4 6.5 ± 0.6 5.0 ± 1.4 6.4 ± 0.9 6.1 ± 1.3
PE-2 class 6.9 ± 0.4 6.7 ± 0.5 6.8 ± 0.4 2.6 ± 2.2 5.6 ± 0.8 3.65 ± 2.3 *
PE-3 class 6.8 ± 0.5 7.1 ± 0.0 6.9 ± 0.4 3.1 ± 2.2 5.1 ± 2.4 2.6 ± 0.5 *
Cartwheel (# errors; score range 0–10)
Control 6.1 ± 2.1 5.9 ± 2.3 6.0 ± 2.1 5.7 ± 2.1 6.4 ± 2.2 6.0 ± 2.0
PE-2 class 7.1 ± 1.5 8.0 ± 0.0 7.4 ± 1.2 3.6 ± 2.7 5.9 ± 1.9 4.4 ± 2.6 *
PE-3 class 6.8 ± 1.8 7.8 ± 0.5 7.2 ± 1.5 3.2 ± 2.6 5.6 ± 1.9 4.2 ± 2.6 *
Leapfrog (# errors; score range 0–10)
Control 10.0 ± 3.2 11.3 ± 1.9 10.5 ± 2.8 9.7 ± 3.3 10.7 ± 2.2 10.1 ± 2.9
PE-2 class 7.3 ± 2.6 11.4 ± 0.7 8.8 ± 2.9 2.3 ± 2.7 4.0 ± 2.8 2.9 ± 2.8 *
PE-3 class 8.2 ± 2.5 10.6 ± 2.9 9.2 ± 2.8 1.7 ± 1.4 4.9 ± 2.0 2.9 ± 2.3 *
Soccer Passing and receiving (points)
Control 8.0 ± 3.5 4.7 ± 1.9 6.9 ± 3.4 7.2 ± 2.2 5.7 ± 2.6 6.7 ± 2.4
PE-2 class 6.5 ± 2.6 3.6 ± 1.9 5.5 ± 2.7 10.0 ± 1.9 4.6 ± 1.3 8.1 ± 3.2 *
PE-3 class 7.8 ± 2.5 4.8 ± 2.8 6.6 ± 2.9 9.2 ± 2.4 6.3 ± 1.8 8.0 ± 2.6
Dribbling (s) *
Control 22.3 ± 6.5 31.8 ± 5.9 25.7 ± 7.7 20.7 ± 6.2 26.8 ± 4.0 22.8 ± 6.2 *
PE-2 class 22.7 ± 5.6 32.6 ± 11.4 26.2 ± 9.2 18.9 ± 4.4 29.3 ± 5.5 22.6 ± 6.9
PE-3 class 19.6 ± 4.7 32.5 ± 7.6 24.8 ± 8.7 17.5 ± 3.3 29.4 ± 7.1 22.3 ± 7.
Shooting to the goal (points; score range 0–15)
Control 6.3 ± 1.9 5.0 ± 0.8 5.9 ± 1.8 6.8 ± 2.2 4.6 ± 1.8 6.0 ± 2.3
PE-2 class 5.9 ± 1.9 4.3 ± 1.1 5.3 ± 1.9 6.1 ± 1.7 6.0 ± 3.2 6.1 ± 2.3
PE-3 class 5.8 ± 1.5 4.9 ± 1.1 5.4 ± 1.4 8.2 ± 3.1 5.9 ± 1.9 7.3 ± 2.9 *
Juggling the ball (points)
Control 6.9 ± 2.2 2.4 ± 1.1 5.4 ± 2.9 7.2 ± 3.2 2.9 ± 1.1 5.7 ± 3.4 *
PE-2 class 8.5 ± 4.5 3.0 ± 0.0 6.6 ± 4.5 10.2 ± 6.9 3.3 ± 0.9 7.8 ± 6.5
PE-3 class 6.6 ± 3.2 2.9 ± 1.1 4.9 ± 3.3 9.7 ± 6.4 3.5 ± 1.4 7.2 ± 5.8 *
Olympic handball Passing and receiving (points)
Control 7.5 ± 2.5 5.6 ± 2.8 6.9 ± 2.7 7.6 ± 1.9 6.0 ± 1.8 7.1 ± 2.0
PE-2 class 8.7 ± 1.8 6.0 ± 2.6 7.8 ± 2.4 9.5 ± 1.5 7.6 ± 1.4 8.8 ± 1.7 *
PE-3 class 7.2 ± 1.3 3.4 ± 1.2 5.7 ± 2.3 11.3 ± 2.8 7.9 ± 1.5 10.0 ± 2.9
Dribbling (s)
Control 15.1 ± 3.6 21.5 ± 8.8 17.3 ± 6.5 17.9 ± 4.5 23.1 ± 5.1 19.8 ± 5.2 *
PE-2 class 14.8 ± 3.4 22.5 ± 5.2 17.5 ± 5.5 15.8 ± 2.6 26.0 ± 5.9 19.4 ± 6.3 *
PE-3 class 14.2 ± 2.8 23.3 ± 6.6 17.8 ± 6.4 20.8 ± 6.3 40.5 ± 6.9 28.8 ± 11.8
Shooting to the goal (points; score range 0–15)
Control 6.6 ± 1.6 5.1 ± 2.5 6.1 ± 2.0 5.2 ± 2.8 3.9 ± 2.3 4.7 ± 2.6
PE-2 class 6.8 ± 2.7 5.4 ± 1.7 6.3 ± 2.5 9.7 ± 3.6 6.7 ± 1.7 8.7 ± 3.3 *
PE-3 class 7.0 ± 1.9 4.9 ± 1.3 6.2 ± 1.9 9.5 ± 3.6 6.4 ± 1.7 8.3 ± 3.3
Basketball Shooting (points)
Control 14.9 ± 4.9 10.1 ± 3.5 13.3 ± 4.9 10.5 ± 6.6 6.3 ± 5.6 9.0 ± 6.4 *
PE-2 class 15.9 ± 7.7 5.9 ± 4.1 12.4 ± 8.2 13.7 ± 8.9 4.1 ± 5.5 10.4 ± 9.0
PE-3 class 17.9 ± 7.8 3.4 ± 4.1 12.1 ± 9.7 8.1 ± 5.1 2.3 ± 2.6 5.8 ± 5.1 *
Passing (points)
Control 32.6 ± 9.8 24.7 ± 9.1 29.9 ± 10.1 33.2 ± 6.9 27.1 ± 6.9 31.1 ± 7.3
PE-2 class 40.4 ± 11.3 27.7 ± 15.4 35.9 ± 13.9 50.2 ± 9.6 40.7 ± 8.7 46.9 ± 10.2 *
PE-3 class 37.8 ± 11.1 20.0 ± 10.1 30.7 ± 13.8 47.2 ± 10.7 33.5 ± 9.5 41.7 ± 12.1 *
Dribbling (s)
Control 31.8 ± 7.6 53.2 ± 27.9 39.3 ± 19.8 32.3 ± 11.2 44.9 ± 18.4 36.7 ± 15.0
PE-2 class 33.1 ± 8.9 35.4 ± 6.6 33.5 ± 8.1 29.5 ± 3.0 38.0 ± 5.9 32.5 ± 5.8
PE-3 class 35.3 ± 5.5 55.7 ± 19.1 43.4 ± 16.4 29.3 ± 3.7 39.1 ± 7.2 33.2 ± 7.1 *
(Continued )
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indicated significant improvements only for the PE-3 class (t(19) = −2.47, p = .023, d = 0.55), and
non-significant changes for the PE-2 class and CG.
For Olympic handball skills, the repeated measures ANOVA indicated a significant time × class
interaction (F(2, 57) = 6.68; p = .002) and a non-significant time × sex interaction. Paired t-tests
indicated significant improvements for PE-3 class (t(19) =−3.37, p = .003, d = 1.87), and for PE-2
class (t(19) =−2.72, p = .014, d = 0.57), but non-significant changes for the CG.
Regarding the basketball skills, repeated measures ANOVA indicated a significant time × class
interaction (F(2, 57) = 3.73; p = .03) and a non-significant time × sex interaction. Paired t-tests indi-
cated significant improvements only for PE-2 class (t(19) =−2.054, p = .05, d = 0.46).
For track-and-field skills, repeated measures ANOVA indicated a non-significant time × class
interaction, and a non-significant time × sex interaction.
Discussion
The purpose of this quasi-experimental design study was to test the effectiveness of different doses of
PE on MS development and PF in primary school children throughout a school year.
The impact of PE on multiple skills across multiple specialized instructional units was found to be
similar for both sexes. In general, PE lessons had a positive impact on the development of specific
MSs in all sports but track and field. Even two lessons per week led to an improvement in MS com-
petence, especially in gymnastic and basketball skills. The magnitude of the effect was very high in
gymnastic skills for both PE-3 (d = 2.95) and PE-2 (d = 2.61) class conditions. In soccer, only PE-3
class had a significant improvement with an effect of medium magnitude (d = 0.55). For Olympic
handball skills, both PE-2 and PE-3 classes showed a significant proficiency improvement, although
the magnitude of the effect was much larger in the three PE sessions per week group (PE-3 d = 1.87;
PE-2 d = 0.57). In basketball, there was a significant improvement only for the PE-2 class. In
addition, we found non-significant changes for any group in the track-and-field skills.
The main results of the present research showed that PE lessons were effective in learning and devel-
oping specific MSs. In consonance with this Chen et al. (2016) found that PE contributed to improving
fourth- and fifth-grade students’ manipulative skill (soccer dribbling, passing, and receiving, overhand
throwing, and striking with a racket). Also Dudley et al. (2011) in a meta-analysis study found that PE
was efficacious in improving movement skill proficiency in primary school children.
The differences in the effect of PE on improving motor competence in different sports skills may
have been due to the fact that some skills were entirely new to children while other skills were more
Table 3. Continued.
Motor skills Week lessons class
Pre-test Post-test
Boys Girls All children Boys Girls All children
Track and field 40 m speed running (s)
Control 6.7 ± 0.6 7.3 ± 0.5 6.9 ± 0.6 6.4 ± 0.6 6.7 ± 0.4 6.5 ± 0.5 *
PE-2 class 6.7 ± 0.5 7.0 ± 0.6 6.8 ± 0.6 6.5 ± .02 7.1 ± 0.7 6.7 ± 0.5
PE-3 class 6.8 ± 0.4 7.3 ± 0.5 6.9 ± 0.5 6.7 ± 0.3 7.2 ± 0.4 6.9 ± 0.5
long jump (m)
Control 2.2 ± 0.4 1.2 ± 0.5 1,9 ± 0.7 2.1 ± 0.3 1.6 ± 0.3 1.9 ± 0.4
PE-2 class 1.9 ± 0.2 1.5 ± 0.3 1.8 ± 0.3 2.2 ± 0.3 1.7 ± 0.3 2.1 ± 0.4 *
PE-3 class 1.9 ± 0.5 1.3 ± .02 1.7 ± 0.5 2.3 ± 0.9 1.4 ± 0.2 1.9 ± 0.8 *
high jump (cm)
Control 75.7 ± 12.2 61.4 ± 3.8 70.8 ± 12.2 80.4 ± 9.2 63.6 ± 11.4 74.5 ± 12.2
PE-2 class 75.8 ± 3.4 70.7 ± 5.3 74.0 ± 4.8 83.5 ± 8.2 74.3 ± 7.3 80.3 ± 8.9 *
PE-3 class 76.7 ± 7.5 61.9 ± 2.6 70.8 ± 9.5 85.0 ± 7.7 68.1 ± 6.5 78.3 ± 11.0 *
Throwing (m)
Control 23.2 ± 4.2 13.8 ± 1.9 19.9 ± 5.8 23.4 ± 4.9 12.3 ± 3.8 19.5 ± 7.0
PE-2 class 23.4 ± 3.4 12.5 ± 3.0 19.6 ± 6.2 24.1 ± 4.3 12.2 ± 5.8 19.9 ± 7.5
PE-3 class 19.5 ± 3.6 8.5 ± 3.9 15.1 ± 6.6 20.6 ± 5.3 9.3 ± 3.1 16.1 ± 7.2
*Significant at p≤ .05 (paired t-test).
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familiar to the children, resulting on a very different range of expected improvement. For example,
gymnastics skills were completely novel skills for most children, while soccer skills are regularly used
by children in their free play and recreation activities in Portugal. Thus, it is not surprising that the
effect size was higher in gymnastic skills, where the baseline results were low. The lack of effect for
track-and-field skills are probably due to the fact that the skills used are more familiar (i.e. involving
running, jumping and throwing) that children are using in their everyday play. That could have
resulted in a better baseline value for these skills that was more difficult to improve. Since no quali-
tative observations on children’s movement patters were made, we cannot speculate about a possible
change in movement specific coordination patterns.
In line with the present results, Beurden et al. (2003) found significant improvement in funda-
mental skills mastery in primary school children exposed to modified existing PE lessons. Also Erics-
son (2008) found progress in children’s MSs with extended PE lessons (daily versus twice a week).
McKenzie et al. (1998) found an improvement in children’s manipulative skills taught by PE special-
ists. It is important to emphasize that the PE curriculum of the present study included sports skills,
while previous studies only included fundamental MSs. The results of this study are not consistent
with the dose-response prediction as it would be expected for PE-3 class to have higher improvement
in all MSs, which was not the case. Similary, Logan et al. (2012) found a non-significant relationship
between effect size of PE interventions and duration of the intervention (in minutes).
Recent research has shown that the development of a broad base of MSs may be a crucial factor
for adopting an active lifestyle (Lopes et al. 2011; Robinson et al. 2015; Rodrigues, Stodden, and
Lopes 2016). That is, the development of motor competence increases the possibility for children
to participate actively in sports and games either formally or informally. Thus, higher levels of
motor competence may be a protective factor against decreasing levels of habitual physical activity
and the development of unhealthy body weight (Robinson et al. 2015). However, a large number of
studies on PE focus mainly on the potential of PE to provide enough amount of physical activity
(regarding all indicators of volume and intensity); that is, its contribution to the achievement of
physical activity recommendations (Jago et al. 2009; Frömel et al. 2016). Less research was devoted
to studying the potential of PE in primary education to develop MSs and especially specific MSs. PE
lessons are an ideal setting to improve child motor competence and increase physical activity for
optimal health (Beurden et al. 2003; Cohen et al. 2015).
The results showed that two PE lessons per week were not enough to improve PF, since only chil-
dren with three PE lessons per week significantly improved global PF, as indicated by sum of PF
items z-cores. Three lessons per week had a medium impact on the improvement of PF as indicated
by the effect size value (d = 0.61). These results are in line with Lucertini et al. (2013), who found an
improvement of strength (several indicators) in children taught by PE teachers compared to non-
specialist teacher (from 4.1% to 72.6%). Improvements in muscular strength were also found by
Löfgren et al. (2013), although the PE programs of these studies were designed to specifically include
strength training and additionally had 40 min per day of PE lessons for 2 years. In the Trois Riviéres’
study, improvement in strength were also found (75% for shoulder flexion, 117% for elbow flexion,
116% for handgrip, 83% for hip flexion, 67% for knee flexion and 80% for knee extension) (Shephard
and Lavallée 1994) along with a rather small (from 3.9% to 9.8% in boys and from 0.7% to 9.8% in
girls) increase in cardiorespiratory fitness (Shephard and Lavallée 1993b). In a health-related PE cur-
riculum, Sallis et al. (1997) also found improvement on abdominal strength and endurance and car-
diorespiratory endurance.
Children in both experimental classes did not increase adiposity during a full year, while children
in the CG had a significant increase in their sum of skinfold. These results were quite similar to those
demonstrated by de Greeff, Hartman (de Greeff et al. 2016) who found that the intervention group
BMI did not change during an intervention period of 22-weeks, whereas a CG demonstrated a sig-
nificant increase. While it is well known that improving weight status or adiposity levels is difficult to
accomplish without a sustained multicomponent intervention, several studies indicate that a higher
motor competence, fitness and physical activity levels may help to control them across time (Lopes
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et al. 2012a; D’Hondt et al. 2014; Rodrigues, Stodden, and Lopes 2016). Studies addressing the role of
PE (Reed et al. 2013) found no significant changes in BMI with 45 min of daily PE administered
during a school year, for elementary school males, among either the experimental school or control
school. However, they found that experimental elementary school females improved their BMI sig-
nificantly more than control elementary school females. Also Shephard and Lavallée (1993a) found
no body fat differences in long-term effects (6 years) of daily PE classes between experimental stu-
dents and their peers in control classes; while Sollerhed and Ejlertsson (2008) found no weight
change effect on increasing from two to four the number of PE lessons per week. In a sample of
middle school adolescents Erfle and Gamble (2015) found a weak effect in BMI percentile changes
throughout one academic year in the experimental group, being only signiﬁcant in the females, with
a modest effect (d = 0.12).
UNESCO recently noted the importance of PE in elementary school for learning life skills and
developing positive behavioral patterns (UNESCO 2016). The results of the present study suggest
the potential impact that effective PE in primary school may have on the development of PF, and
especially on the development of motor competence, which is associated to fitness as well as physical
activity and weight status (Lopes et al. 2011, 2012a; Lopes, Stodden, and Rodrigues 2014; Logan et al.
2015; Robinson et al. 2015; Barnett et al. 2016).
The focus of PE curriculum has changed over time to highlight more on PF and an activity-based
curriculum, thus reducing the emphasis on the development of motor competence. Malina (1991)
pointed out that an emphasis on health-related physical activities at young ages may conflict with
the development of a reasonable degree of proficiency in movement skills, which is one of the
most important developmental tasks in childhood. The results of the present study show that an
effective PE curriculum with an adequate dose per week may significantly impact health-related
PF, the development of motor competence, and may provide a protective effect against unhealthy
increases in weight status. Although the main focus of the applied curriculum was on the develop-
ment of motor competence, children also improved their PF with approximately 135–150 min/week
of PE.
The fact that children were not randomly assigned to the classes and the sample was not repre-
sentative of a larger population, constitutes a limitation of this study. In addition, while the interven-
tion was primarily focused on MS development, the focus on PF-related activities at the beginning
and end of each lesson may have influenced the resultant influence on PF. The lack of control for
habitual physical activity and diet are other important constraints that may have influenced the
results.
Conclusion
Two lessons per week were not enough to improve PF or body composition. Nevertheless, PE lessons
demonstrated a positive effect on the development of specific MSs, even with only two lessons per
week. More research is warranted to examine how quality PE can impact health and development of
school children.
Summary
This study has provided insight on the potential impact of primary school PE for the development of
PF, and especially on the development of motor competence, which is associated to physical activity
and weight status (Lopes et al. 2011, 2012a; Lopes, Stodden, and Rodrigues 2014; Logan et al. 2015;
Robinson et al. 2015; Barnett et al. 2016).
Schools should implement a PE curriculum that includes the learning of specific MSs with an ade-
quate dose per week (more than twice a week) to have a positive impact on health-related PF, and in
the development of motor competence. This dose would promote positive child development and
may provide a protective effect against unhealthy increases in weight status.
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